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Abstract: [ Objective] Prolonged storage of packed red blood cells (PRBC) is reportedly associated with poor clinical
outcomes in critically ill, trauma, and cardiac surgery patients. However, the impact of PRBC’s age on long—term oncolog-
ical outcomes in cancer patients remains poorly defined. Here we retrospectively evaluated the effect of PRBC’ s age on
overall survival and biochemical recurrence in patients undergoing curative resection of hepatocellular carcinoma. [ Meth-

ods] A total of 1221 qualified patients undergoing curative hepatectomy for HCC between August 1, 2008 and June 30,

Y s B #7:2022-02-22

ELWE: FRARPAI4S(81971057) ;) /R4 AR A3 4: (2021A1515011332)

Ve T v - s, W BRI ARSI 2, IR S5 BRI | E—mail : xuerf@sysucc.org.cn; 2598 , @l AT B0, A5 1R
WIFFE D7 18]« 25, BRI, AT BRI, E-mail : ligiang@sysucc.org.cn



450 HlR AR 2 (R A2 ) 5 43%

2012 at the Sun Yat-sen University Cancer Center (Guangzhou, PR China) were divided into nontransfused or transfused
group. Transfused patients were further divided according to PRBC storage duration (fresh PRBC group, < 14 days; old
PRBC group, > 14 days). Overall survival (0S), intrahepatic recurrence—free survival (IRFS) , extrahepatic metastasis—
free survival (EMFS) were assessed and multivariate analyses were performed to evaluate the association of PRBC storage
duration with cancer outcomes. [ Results] A total of 251 (20.6%) patients received intraoperative PRBC transfusion. Of
these, 112 and 125 patients were grouped in the fresh and the old PRBC groups, respectively. The Kaplan - Meier curves
showed that both fresh PRBC group and old PRBC group had worse OS, IRFS, and EMFS than nontransfused group (P<
0.001). Cox regression analyses further indicated that old PRBC transfusion was an independent prognostic factor of OS
(HR=1.417, P=0.049), IRFS (HR=1.519, P=0.013) for patients with HCC; conversely, new PRBC transfusion was not.
[ Conclusion] In patients undergoing curative hepatectomy, intraoperative transfusions of PRBC that had been stored for
more than 2 weeks is independently associated with a significantly increased risk of intrahepatic recurrence and reduced
overall survival.

Key words: hepatocellular carcinoma; intraoperative blood transfusion; fresh packed red blood cells; old packed

red blood cells; long—time prognosis
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Fig. 1 Flow chart of the patient grouping
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Table1 Comparisons of patients’ characteristics and preoperative variables between the fresh PRBC and old PRBC groups

[(fis)vM(Pz,sNPﬁ)]

Characteristic Fresh PRBC(n =112) Old PRBC(n = 125) P value
Male gender 94(83.9%) 112(89.6%) 0.247
Agelyears
<60 89(79.5%) 103(82.4) 0.620
>60 23(20.5%) 22(17.6)
ASA score
1~2 103(92.0%) 121(96.8%) 0.152
3~4 9(8.0%) 4(3.2%)
HBsAg (+) 109(97.3%) 117(93.6%) 0.223
Hemoglobin/(g/dL)" 133422 132420 0.764
Platelet count/(x10%/L)" 178+76 189+89 0.285
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e
Characteristic Fresh PRBC(n = 112) 0ld PRBC(n = 125) P value
Median units transfused (IQR) " 4 (2~5) 4(2.5~6) 0.900
Median storage duration (IQR) " 11 (9~13) 20 (17~24) <0.001
AFP /(ng/mL)
<20 32(28.6%) 44(35.2%) 0.329
>20 80(71.4%) 81(64.8%)
GGT /(units/L)
<50 26(23.2%) 23(18.4%) 0.423
>50 86(76.8%) 102(81.6%)
Child-Pugh classification®
A 109(97.3%) 121(96.8%) 1.000
B 3(2.7%) 4(3.2%)
Tumor rupture 7(6.3%) 8(6.4%) 1.000
Pringle maneuver 92(82.1%) 105(83.1%) 0.731
Liver cirrhosis 85(75.9%) 91(72.8%) 0.656
Portal hypertension 58(51.8%) 66(52.8%) 0.897
Tumor size /cm
<5 22(19.6%) 19(15.2%) 0.394
>5 90(80.4%) 106(84.8%)
Tumor number
Solitary 77(68.7%) 75(60.0%) 0.177
Multiple 35(31.3%) 50(40.0%)
Tumor encapsulation
No/incomplete 81(72.3%) 95(76.0%) 0.554
Yes 31(27.7%) 30(24.0%)
Tumor differentiation
/1 57(50.9%) 61(48.8%) 0.795
m/v 55(49.1%) 64(51.2%)
Vascular invasion 39(34.8%) 47(37.6%) 0.686
Satellites 34(30.4%) 43(34.4%) 0.579
Extent of hepatectomy
Major hepatectomy 67(59.8%) 63(50.4%) 0.153
Minor hepatectomy 45(40.2%) 62(49.2%)
Resection margin(Tw)
<lcem 74(66.1%) 83(66.3%) 1.000
>1 cm 38(33.9%) 42(33.6%)
Operative Blood loss /mL" 12714993 1206+902 0.594
TNM
I 48(42.9%) 45(36.0%) 0.290
M-I 64(57.1%) 80(64.0%)

"Values are mean + standard deviation (SD) or median (interquartile range, IQR) unless otherwise indicated; *’No patients with Child—Pugh
class C was found. Bold values indicate p < 0.05. ASA: American Society of Anesthesiologists; HbsAg: hepatitis B surface antigen; AFP: a—fetopro-

tein; GGT: gamma—glutamyltransferase; TNM : tumor—node-metastasis.
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A: Overall survival (P<0.001); B: Intrahepatic recurrence—free survival (P<0.001); C: Extrahepatic metastasis—free survival (P<0.001); P <0.001
for difference between the three groups by log—rank test. PRBC: packed red blood cell. (Blue: nontransfused group, n=984; Red: fresh PRBC group, n=
112; Yellow: old PRBC group, n=125).
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Fig.2 Cumulative survival in 1221 hepatocellular carcinoma patients with respect to transfusion and storage time of PRBC
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A: Overall survival (P=0.584), B: Intrahepatic recurrence—free survival (P=0.151), C: Extrahepatic metastasis—free survival (P=0.841) between the
fresh PRBC and old PRBC groups by log—rank test. PRBC: packed red blood cell. (Red: fresh PRBC group, n=112; Yellow: old PRBC group, n=125).
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Fig.3 Cumulative survival in 237 transfused hepatocellular carcinoma patients with respect to storage time of PRBC
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Table 2 Univariate analysis of prognostic factors associated with OS for 1 221 HCC patients following curative resection

Variable b S, Wald P HR HR 95%C1
Gender 0.026 0.152 0.029 0.886 1.026 (0.762,1.381)
Age 0.081 0.110 0.529 0.466 1.084 (0.872,1.347)
ASA score -0.176 0.292 0.361 0.548 0.839 (0.473,1.488)
HBsAg 0.259 0.209 1.539 0.216 1.296 (0.860,1.952)
Hemoglobin/(g/dL.) 0.291 0.138 4.463 0.034 1.338 (1.022,1.753)
AFP/ (ng/mL) 0.442 0.099 20.076 <0.001 1.556 (1.282,1.888)
GGT /(units/L) 0.778 0.099 62.038 <0.001 2.177 (1.794,2.642)
Child-Pugh class -0.659 0.292 5.091 0.024 0.517 (0.292,0.917)
Tumor rupture 0.561 0.234 5.764 0.016 1.753 (1.108,2.772)
Pringle maneuver 0.402 0.115 12.284 <0.001 1.495 (1.195,1.872)
Liver cirrhosis 0.328 0.103 9,986 0.002 1.388 (1.132,1.701)
Portal hypertension 0.235 0.091 6.673 0.010 1.265 (1.058,1.512)
Tumor size /cm 0.923 0.097 89.640 <0.001 2.517 (2.079,3.047)
Multiple tumors 0.239 0.097 6.069 0.014 1.270 (1.050,1.536)
Tumor encapsulation -0.658 0.102 41.349 <0.001 0.518 (0.424,0.633)
Tumor differentiation -0.396 0.091 19.046 <0.001 0.673 (0.564,0.804)
Vascular invasion 0.924 0.095 94.906 <0.001 2.520 (2.092,3.035)
Satellites 0.264 0.099 7.195 0.007 1.303 (1.074,1.581)
Extent of hepatectomy 0.661 0.089 54.143 <0.001 1.937 (1.623,2.310)
Resection margin(Tw) -0218 0.089 5.883 0.016 0.804 (0.674,0.959)
Operative Blood loss/ml 0.660 0.091 52.829 <0.001 1.935 (1.620,2.312)
TNM stage -0.652 0.089 52.974 <0.001 0.521 (0.437,0.621)
Receipt of PRBC (vef: non— BT)

Fresh PRBC 0.707 0.134 27.789 <0.001 2.027 (1.559,2.636)
0ld PRBC 0.808 0.125 41.689 <0.001 2.244 (1.756,2.868)

OS: overall survival ; 95% CI: 95% confidence interval ; Bold values indicate P < 0.05.
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Table 3 Univariate analysis of prognostic factors associated with IRFS for 1 221 HCC patients

following curative resection

Variable b S, Wald P HR HR 95%CI
Gender 0.239 0.159 2273 0.132 1.271 (0.930,1.736)
Age -0.029 0.111 0.071 0.793 0.971 (0.782,1.206)
ASA score -0.115 0.292 0.156 0.692 0.891 (0.503,1.579)
HBsAg 0.023 0.182 0.016 0.902 1.023 (0.715,1.462)
Hemoglobin, g/dL 0.191 0.138 1.917 0.165 1211 (0.924,1.588)
AFP/ (ng/mL) 0.255 0.092 7.656 0.006 1.290 (1.077,1.545)
GGT/ (units/L) 0.381 0.089 18.105 <0.001 1.464 (1.229,1.745)
Child-Pugh class -0.629 0.305 4.242 0.038 0.533 (0.293,0.970)
Tumor rupture 0.222 0.262 0.716 0.398 1.248 (0.747,2.085)
Pringle maneuver 0.221 0.106 4363 0.037 1.247 (1.013,1.534)
Liver cirrhosis 0.270 0.099 7.514 0.006 1.310 (1.079,1.589)
Portal hypertension 0.312 0.088 12.485 <0.001 1.366 (1.148,1.624)
Tumor size /cm 0.371 0.088 17.734 <0.001 1.449 (1.219,1.722)
Multiple tumors 0.176 0.114 2.378 0.065 1.193 (0.989,1.493)
Tumor encapsulation -0.278 0.091 9.337 0.002 0.757 (0.633,0.905)
Tumor differentiation -0.069 0.089 0.559 0.437 0.933 (0.783,1.112)
Vascular invasion 0.525 0.100 27.479 <0.001 1.691 (1.390,2.058)
Satellites 0.238 0.097 6.020 0.014 1.269 (1.049,1.535)
Extent of hepatectomy 0.408 0.089 20.806 <0.001 1.505 (1.262,1.794)
Resection margin(Tw) -0.151 0.088 2.967 0.085 0.860 (0.725,1.021)
Operative Blood loss/ml 0.336 0.091 13.537 <0.001 1.399 (1.170,1.673)
TNM stage -0.337 0.087 14.941 <0.001 0.714 (0.603,0.847)
Receipt of PRBC (ref: non— BT)

Fresh PRBC 0.341 0.147 5.432 0.023 1.407 (1.048,1.875)
0ld PRBC 0.599 0.127 22.236 <0.001 1.822 (1.420,2.338)

IRFS: intrahepatic recurrence—free survival ; 95% CI: 95% confidence interval; Bold values indicate P < 0.05.
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Table 4 Univariate analysis of prognostic factors associated with EMFS for 1 221 HCC patients
following curative resection

Variable b S, Wald P HR HR 95%CI
Gender 0.071 0.316 0.051 0.821 1.074 (0.578,1.997)
Age -0.440 0.268 2.686 0.101 0.644 (0.380,1.090)
ASA score -0.212 0.713 0.088 0.766 0.809 (0.200,3.272)
HBsAg 0.181 0.419 0.188 0.665 1.199 (0.527,2.726)
Hemoglobin/( g/dL) 0.489 0.262 3.489 0.062 1.631 (0.976,2.725)
AFP/ (ng/mL) 0.146 0.191 0.584 0.445 1.157 (0.796,1.682)
GGT/ (units/L) 0.618 0.197 9.859 0.002 1.855 (1.261,2.728)
Child-Pugh class -0.467 1.005 0.216 0.642 0.627 (0.088,4.491)
Tumor rupture 1.071 0.386 7.682 0.006 2919 (1.360,6.226)
Pringle maneuver 0.162 0.223 0.529 0.467 1.176 (0.760,1.820)
Liver cirrhosis 0.019 0.199 0.009 0.920 1.020 (0.690,1.509)
Portal hypertension 0.287 0.189 2.289 0.131 1.332 (0.919,1.931)
Tumor size/cm 1.283 0.217 35.069 <0.001 3.606 (2.358,5.513)
Multiple tumors 0.249 0.198 1.589 0.208 1.283 (0.871,1.890)
Tumor encapsulation -0.589 0.207 8.125 0.004 0.555 (0.370,0.832)
Tumor differentiation -0.277 0.156 3.157 0.139 0.758 (0.526,1.029)
Vascular invasion 0.859 0.195 19.356 <0.001 2.362 (1.611,3.464)
Satellites 0.319 0.199 2.569 0.109 1.376 (0.931,2.033)
Extent of hepatectomy 0.899 0.184 23.904 <0.001 2.456 (1.713,3.521)
Resection margin(Tw) -0.199 0.183 1.818 0.277 0.819 (0.572,1.174)
Operative Blood loss/mL 1.053 0.183 33.086 <0.001 2.865 (2.001,4.101)
TNM stage -0.578 0.184 9911 0.002 0.561 (0.391,0.804)
Receipt of PRBC (ref: non— BT)

Fresh PRBC 0.972 0.256 14.397 <0.001 2.642 (1.599,4.364)
0ld PRBC 1.091 0.238 21.013 <0.001 2.976 (1.867,4.744)

EMFS: extrahepatic metastasis—free survival ; 95% Cl: 95% confidence interval; Bold values indicate P <0.05.
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Table 5 Cox multivariate analysis of prognostic factors associated with OS for 1 221 HCC patients

following curative resection

Variable b S, Wald y* P HR HR 95%C1
Hemoglobin 0.017 0.158 0.011 0.914 1.017 (0.746,1.387)
AFP /(ng/mL) 0.138 0.110 1.589 0.208 1.149 (0.926,1.426)
GGT /(units/L) 0.247 0.221 1.251 <0.001 1.281 (1.263,1.977)
Child-Pugh class -0.482 0.325 2.201 0.138 0.618 (0.327,1.167)
Tumor rupture 0.066 0.262 0.063 0.801 1.068 (0.639,1.785)
Pringle maneuver 0.187 0.126 2.208 0.138 1.206 (0.941,1.544)
Multiple tumors 0.013 0.250 0.003 0.958 1.013 (0.620,1.655)
Liver cirrhosis 0.205 0.116 3.108 0.078 1.228 (0.978,1.543)
Satellites 0.152 0.253 0.359 0.550 1.164 (0.708,1.913)
Portal hypertension 0.071 0.102 0.471 0.493 1.073 (0.877,1.312)
Tumor size/cm 0.429 0.123 12.008 0.001 1.536 (1.205,1.958)
Tumor encapsulation -0.380 0.115 10.787 0.001 0.684 (0.546,0.858)
Tumor differentiation 0.184 0.099 3.415 0.146 1.202 (0.989,1.461)
Vascular invasion 0.515 0.109 21.963 <0.001 1.672 (1.348,2.073)
Extent of hepatectomy 0.251 0.108 5.366 0.021 1.286 (1.039,1.591)
Resection margin(Tw) 0.113 0.104 1.181 0.280 1.120 (0.912,1.374)
Operative Blood loss/mL 0.002 0.141 0.001 0.988 1.002 (0.759,1.322)
Receipt of PRBC (ref: non—BT)

Fresh PRBC 0.317 0.180 3.064 0.081 1.373 (0.962,1.958)
0ld PRBC 0.349 0.177 3.862 0.049 1.417 (1.001,2.006)

0S: overall survival ; 95% CI: 95% confidence interval ; Bold values indicate P < 0.05.
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Table 6 Cox multivariate analysis of prognostic factors associated with IRFS for 1 221 HCC
patients following curative resection

Variable b S, Wald * P HR HR 95%C1
AFP /(ng/mL) 0.168 0.101 2.758 0.097 1.183 (0.970,1.442)
GGT/ (units/L) 0.178 0.103 3.000 0.083 1.195 (0.977,1.462)
Child—Pugh class 0.426 0.339 1.576 0.209 1.531 (0.787,2.978)
Tumor rupture 0.129 0.279 0.214 0.644 1.138 (0.658,1.967)
Pringle maneuver 0.153 0.117 1.701 0.192 1.165 (0.926,1.466)
Liver cirrhosis 0.154 0.110 1.936 0.164 1.166 (0.939,1.448)
Portal hypertension 0.277 0.099 7.865 0.005 1.319 (1.087,1.601)
Tumor size/cm 0.104 0.113 0.841 0.359 1.110 (0.889,1.386)
Multiple tumors -0.178 0.231 0.591 0.442 0.837 (0.532,1.318)
Tumor encapsulation -0.146 0.101 2.057 0.152 0.865 (0.709,1.055)
Tumor differentiation -0.086 0.098 0.764 0.382 0.918 (0.757,1.112)
Vascular invasion 0.342 0.113 9.094 0.003 1.407 (1.127-1.757)
Satellites 0.321 0.234 1.886 0.170 1.379 (0.872,2.180)
Extent of hepatectomy 0.255 0.109 5.477 0.019 1.290 (1.042,1.597)
Resection margin -0.026 0.100 0.070 0.791 0.974 (0.800,1.185)
Operative Blood loss/mL -0.105 0.143 0.544 0.461 0.900 (0.681,1.190)
Receipt of PRBC (ref: non-BT)

Fresh PRBC 0.251 0.189 1.769 0.183 1.285 (0.888,1.860)
Old PRBC 0.435 0.173 6.361 0.012 1.545 (1.102,2.167)

IRFS: intrahepatic recurrence—free survival; 95% Cl: 95% confidence interval; Bold values indicate P < 0.05.
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Table 7 Cox multivariate analysis of prognostic factors associated with EMFS for 1 221 HCC patients following cura-

tive resection

Variable b S, Wald y* P HR HR 95%C1
AFP/ (ng/mL) -0.065 0.214 0.092 0.761 0.937 (0.615,1.426)
GGT/ (units/L) 0.145 0.223 0.421 0.517 1.156 (0.746,1.791)
Child-Pugh class -0.605 1.012 0.357 0.550 0.546 (0.075,3.970)
Tumor rupture 0.589 0.407 2.099 0.147 1.803 (0.812,4.001)
Pringle maneuver -0.012 0.244 0.003 0.959 0.988 (0.612,1.594)
Liver cirrhosis -0.155 0.220 0.497 0.481 0.856 (0.556,1.319)
Portal hypertension 0.230 0.207 1.232 0.267 1.258 (0.839,1.887)
Tumor size /cm 0.674 0.265 6.460 0.011 1.962 (1.167,3.300)
Multiple tumors -0.217 0.482 0.203 0.652 0.805 (0.313,2.068)
Tumor encapsulation -0.240 0.230 1.097 0.295 0.786 (0.501,1.233)
Tumor differentiation 0.093 0.203 0.211 0.646 1.098 (0.738,1.633)
Vascular invasion 0.441 0.222 3.954 0.047 1.554 (1.006,2.399)
Satellites 0.421 0.481 0.765 0.382 1.524 (0.593,3.915)
Extent of hepatectomy 0.397 0.215 3.402 0.065 1.487 (0.975,2.268)
Resection margin 0.2726 0.211 1.659 0.198 1313 (0.868,1.988)
Operative Blood loss/ml. 0.493 0.273 3.235 0.072 1.637 (0.957,2.801)
Receipt of PRBC (ref: non—-BT)

Fresh PRBC 0.322 0.323 0.998 0.318 1.380 (0.733,2.597)
0ld PRBC 0.374 0.307 1.485 0.223 1.454 (0.796,2.655)

EMFS: extrahepatic metastasis—free survival ; 95% CI: 95% confidence interval; Bold values indicate P < 0.05.
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